The paper proposes a stochastic, dynamic discrete-event micro-simulation model to analyse the operation of a logistic platform in order to determine its performance in different system configurations by using appropriate efficiency indicators. The issues connected to the management and optimization of operational functions are studied at a global level in order to obtain a technical/economic analysis through aggregate evaluations, which provide information useful to a tactical/strategic planning. The model implementation consists of four sequential steps: survey and statistical analysis, specification, calibration and validation model. The micro-simulation model has been implemented by using Witness software. The paper proposes an application of the micro-simulation model on the Kuehne+Nagel logistic platform in order to analyse its operativity.
Introduction
A logistic platform can be defined as a "warehouse" which supports distribution in productive and/or industrial areas. It is a cross-docking terminal where goods are received and distributed and groupage/degroupage activities are carried out. In literature, the problems related to the management/optimization of cross-docking terminals are dealt with from two different points of view. In the first case (Context A), management problems are analyzed in a global context in order to plan, optimize and control the operations of the whole terminal; in this case, it is possible to carry out an integrated analysis of the system and to obtain evaluations for a tactical/strategic planning. In the second case (Context B), the study context is more detailed and includes resource scheduling and allocation as well as system evaluations with a high level of disaggregation, which provide information useful to an operational planning. Table 1 shows a review of sector studies about the management problems of a cross-docking terminal. The adopted method (traditional, heuristic or simulation), the type of approach and the utilized solution technique are specified in the table. In reference to simulation studies, Magableh et al. (2005) used a discrete-event micro-simulation model to evaluate, in a dynamic way, the risks connected to node activities. Moreover, they proposed the analysis of demand growth. Aichelin and Adewunmi (2006) proposed a discrete-event micro-simulation model to deal with the problem of the assignment of inbound/outbound vehicles to input/output docks, referring to the functional and operational characteristics of the terminal. Furthermore, Adewunmi and Aickelin (2008) dealt with the problem of the optimization of the picking process by using a simulation model, while Liu and Takakuwa (2009) tackled the issue of the optimization of handling activities.
A Simulation model for performance analysis of a logistic platform
The proposed simulation model was constructed to analyse the operativity of a logistic platform in order to determine its performance by utilizing suitable efficiency indicators. Problems related to the management/optimization of the operational functions of a logistic platform for the handling of inbound goods were examined. The specific objective was to reduce the time costs of the transit of goods. A stochastic, dynamic discreteevent micro-simulation model was defined. Discrete-event simulation is based on the chronological representation of the states through which the system evolves during a given time interval. The system is divided into independent elements (entities), which have peculiar characteristics (attributes) and interact through specific relations in order to carry out activities (subjected to constraints) that generate events able to change the state of the system itself. Then, an event driven simulation was used, where the "simulation clock" was initialized to zero and advanced to the time of the occurrence of the first of the following events, which usually corresponds to the end or the beginning of an activity. The methodological approach was organized in consecutive interrelated phases as shown in the flow chart in figure 1. With a view to making the simulation model realistic, data were acquired by means of a field survey; the Database obtained was useful to carry out statistical analyses on the different functional components of the logistic platform. Two different kinds of survey were conducted: a "macro" survey, aimed at gathering general information on the node (size and layout, functional organization, resources, traffic and productivity); and a "micro" survey, aimed at gathering accurate data about the single operational activities of the node (stock arrival management process, stocking process, shipping process). The survey was carried out at the KUEHNE+NAGEL logistic platform of Cameri, a town in the north of Italy.
The data collected during the surveys were systematized and organized in a synthetic, modular, potentially and periodically updatable database. The construction of the information system required to convert data into an electronic format so that they could be verified, filtered and cross-checked to minimize errors. Moreover, it required to organize data in ordered tables with graphical expressions, so as to facilitate their interpretation and subsequent statistical analyses.
The following paragraphs illustrate the phases of the model construction: specification, calibration, implementation and validation.
Model specification
Different techniques of system representation (flow charts, graphs, network model) were used for the simulation model specification in order to define the reference conceptual model and identify the relevant system variables.
The conceptual model can be defined as the whole of the processes taking place in the analysed system and allows to understand the logics of operation. It was constructed through consecutive phases, gradually increasing the level of detail of the representation of the logistic platform. In the first step, physical and organizational components were schematically represented by means of a flow chart, which showed the spatial, organizational and relational structure of the system (Fig. 2) .
Logistic and operational activities originate at input docks, where goods are carried by trucks from industrial and productive areas, and end at output docks, where the vehicles for regional distribution leave from. Processes, i.e. default cycles of activities, take place according to the specific activities carried out on trucks and/or on goods in each sub-areas of the logistic platform. The reference variables considered during the micro-simulation model specification are supply variables and demand variables. The following are the supply variables considered: the waiting time of trucks in the buffer (T W ); service time of trucks (T S ); unload time of trucks (T unload ); handling time (T H1 -receipt/warehouse transfer; T H2 -picking+warehouse/shipping transfer); outbound load composition time (T C ); load time of trucks (T load ). While the analysed demand variables are: the number of inbound trucks (N TIR ); arrival distribution in terms of headway (H); the number of load units unloaded per truck (N UC ).
Model calibration
The simulation model calibration was based on the statistical analysis of the data collected through direct surveys. The real frequency distribution was obtained for each system variable considered. Then, according to such a distribution, a theoretical probability distribution, which could give good fitness, was identified. The variables waiting time and service time of trucks were analysed by making a distinction per dock, since each operational dock of the platform corresponds to specific commodity circuits which require different control/management times and modes. On the contrary, time analysis t H2 was based on the number of boxes to handle in order to compose a heterogeneous load unit, since time is directly proportional to such a number. Similarly, the analysis and calibration of load composition time were carried out by referring to the number of units composing the outbound load.
The procedure followed for the calibration of the variable service time of inbound trucks is shown below. The service time of trucks (T S ) is the time needed for: the positioning and docking of trucks at the dock and gate they are assigned (T p ); unload operations (T unload ); early qualitative and quantitative controls on inbound goods (T control ); possible rejected pallet loading (T reject ); closing and undocking of trucks (T d ). Thus, service time can be expressed by equation (1).
As a result, service time depends not only on the inbound truck load conditions but also on the operational conditions of the dock where the truck is served. Table 2 shows the mean values and the standard deviation of service times measured at each operating dock of the logistic platform. The analysis of the service time variable was carried out considering operating docks and using the normal-gamma distribution. Specifically, a random variable x is normally distributed if its probability density function is represented by equation (2).
where and are the average and variance of the examined random variable, respectively. While a random variable x is distributed according to a Gamma law if it has a probability density that can be expressed by function (3).
where and k are characteristic parameters of scale and shape of the distribution, respectively. Average and variance of a Gamma random variable are equal to k/ e k/ 2 , respectively. The characteristic parameters of the gamma distribution were estimated through the method of the maximum likelihood (Table 3) . Figure 4 shows the performance of the real and theoretical frequency polygons with reference to dock B. The comparison between the real frequency polygon and those obtained from the theoretical Gauss and Gamma distribution highlights that the Gamma distribution best represents the real performance of T S variable for the four analysed docks. The effectiveness of the adaptation of the Gamma distribution is shown by the results of the test 2 conducted at a significance level of 0.1% (Table 4 ). Table 5 shows the calibration results related to the other examined variables.
Model implementation
The discrete-event micro-simulation model was implemented by means of WITNESS software. The model implementation was carried out by associating WITNESS discrete elements to the operational areas of the logistic platform and to the activities/operations performed to offer services to inbound trucks and to process inbound goods.
In particular, inbound/outbound trucks, homogeneous load units unloaded, elementary boxes composing the load units and heterogeneous outbound load units were represented as Parts. The operational areas of the node, i.e. the gatehouse, the receipt area, the warehouse and the shipping area were represented as Buffers, i.e. places were Parts remain waiting. The operational activities of the node were instead represented as Machines, Tracks and Vehicles. Table 6 specifies the associations between real and discrete elements as well as the name, type and characteristic attributes for the definition of each element. 
Model validation
The validation analysis was carried out in order to verify if the simulation model was able to offer an accurate representation of the system in relation to the established objectives. In this specific case, the model was validated by means of a pilot simulation based on the KUEHNE+NAGEL logistic platform of Cameri, a town in the north of Italy where basic investigations were conducted. The pilot simulation was carried out for an average weekday and for ordinary working time (5:00-22:00). The validation consisted in comparing the data obtained from the simulation with those from field investigations through the following control variables: mean waiting time; mean service time; number of heterogeneous pallets prepared; number of outbound trucks (Table 7) .
The results obtained and the comparison between the real situation and the simulation allow to affirm that the specified and calibrated model is able to reproduce quite faithfully the system behaviour. 
Performance indicators
The analysis and control of the logistic processes of a complex system, such as a logistic platform, are a crucial element because the efficiency of operations may be a real competitive advantage in the supply chain. In this specific instance, the analysis was conducted considering the service provider's point of view and defining an appropriate set of efficiency indicators. Efficiency describes the relation between produced output and resources involved in its production and allows to evaluate the system productivity. Three different sets of efficiency indicators were identified for the three different operational areas of the logistic platform: receipt area, warehouse and shipping area (Table 8 ). 
Application to case study
The operativity of the logistic platform was evaluated considering different scenarios of action applied to the case of Cameri. The application required a model representation of the logistic platform.
Scenarios were built by following a "what if" approach from a starting scenario (named Scenario 0), which represents the system without any new operational rules and/or with organizational/functional/infrastructural modifications. Project Scenarios are characterized by new management logics and by the use of innovative technologies for the internal processes which may be started in the medium-long term. Three different scenarios were defined and implemented: Scenario S1 envisages the adoption of a new logic in the management of inbound trucks; Scenario S2 envisages the use of RFID technologies for the control activities on goods entering the receipt area; Scenario S3 results from the union of scenarios S1 and S2. The envisaged actions allow a global improvement in the management of the receipt area; in fact, the service waiting time for inbound trucks decreases. The waiting time of trucks is reduced of an average of 13% in Scenario S1 and of around 15% in Scenarios S2 and S3; the average truck turnaround decreases by about 18% in Scenario S1, 30% in Scenario S2 and 51% in Scenario S3; the service capacity of trucks on the docks of the platform examined increases. The service capacity grows of an average of 11% in Scenario S1, of 23% in scenario S2 and of 21% in Scenario S3. As a result, the introduction of a new policy in the management of arrivals at the platform (Scenario S1) and the use of new technologies for the management of the receipt and control activities (Scenario S2) lead to a considerable improvement in the performance of the receipt area of the logistic platform, thus assuring a decrease in truck turnaround and an increase in the service capacity of trucks. Yet, this causes higher congestion in the receipt area, since it is difficult to discharge and store all pallets and the number of pallets in stock is very high in the reference period, to such an extent that it reaches peaks exceeding 200 units in scenarios S2 and S3. As to the shipping area of the logistic platform, Scenario S1 shows a stock of homogeneous pallets 100% lower than the current situation, with an increase of 1% in service capacity. Nevertheless, such a scenario records an increase of 11% in the stock of heterogeneous pallets and an increase of about 3% in the service capacity of trucks. Scenario S3 shows worse results in terms of efficiency of the shipping area of the logistic platform; in fact, homogenous and heterogeneous pallets increase by 11% and 43%, respectively, and the service capacity of trucks decreases significantly (around 9%). As a consequence, Scenario S1 proves to be the most suitable to assure optimal performances in the shipping areas.
Conclusions
The simulation of the logistic activities of a logistic platform is an interesting tool to optimize the processes which take place inside of it, to estimate performances and to evaluate the impacts on the reference territorial context. The research carried out was aimed at studying the functionality of a logistic platform that supports distribution for productive and/or industrial areas. The main objective was to define a stochastic, dynamic discrete-event microsimulation model for the analysis of the efficiency of a logistic platform, through appropriate specification and calibration. The results obtained can be transferred to similar contexts (e.g. cross-docking terminals) by adopting specifications and initial hypotheses fitting the real context. The research can be further developed. In particular, studies may be directed to optimize the node activities through "what to" techniques and heuristic algorithms.
